overuse injuries of the abdomen and groin in athletes. Curr. Sports Med. Rep., Vol. 9, No. 2, pp. 115Y120, 2010. Abdominal and groin injuries are common problems encountered by athletes across a wide variety of sports. They range from benign but annoying, such as exercise-related transient abdominal pain (ETAP), to the activity-limiting and possibly career-ending condition of athletic hernia. This article covers ETAP, rectus abdominus injuries, osteitis pubis, athletic hernia, and abdominal/groin hernias to provide an update on the current pathophysiology and treatment of common abdominal and pelvic conditions in the athlete.
INTRODUCTION
Abdominal pain, including groin pain, is a common problem experienced by athletes. It can present acutely with trauma and sudden directional changes or chronically because of weakness and imbalances of the abdominal muscles and pelvic stabilizers. At a minimum, these injuries can plague the recreational athlete, while for a professional athlete, these injuries can end a career. A cycle of injury, incomplete rehabilitation, and dysfunctional neuromuscular compensation followed by reinjury can develop, leading to a poor outcome for the athlete. This article examines the pathophysiology of select abdominal and groin injuries and offers a review of the current treatment regimens available for the athlete looking to return to play (RTP).
EXERCISE-RELATED TRANSIENT ABDOMINAL PAIN
Nearly every person engaged in a physically demanding event, either recreational or competitive, has experienced what is commonly referred to as a side stitch, side cramp, or side ache. This common but poorly understood entity is known more formerly as exercise-related transient abdominal pain (ETAP). Surveys of runners reveal a near 20% annual incidence, with a recurrence rate of between 10% and 20% of their runs (4, 21) .
ETAP occurs as an acute, well-localized pain found in any region of the abdomen. It typically is sharp, stabbing, or cramping in quality, and it occurs most often in the lateral aspect of the mid abdomen (Fig. 1) . In general, ETAP occurs twice as often on the right side of the abdomen compared with the left. The exception to this is in children, in which some observational studies demonstrate a high incidence of left-sided pain in children 7Y16 yr old. The reason behind this is unclear (21) . ETAP primarily occurs in young athletes who participate in running and swimming, but it also is seen in people participating in equestrian and rowing events. Activities that involve repetitive torso movement, either vertical translation or longitudinal rotation, evoke ETAP the most. This stands in contrast to cycling, a sport performed in the flexed torso position with little torso displacement, which has a very low prevalence of ETAP. Evidence of other risk factors for ETAP is lacking. Morton and Callister have not found any clear correlations between body mass index (BMI), sex, age, and, most interestingly, training status on the prevalence of ETAP (20, 21) .
The exact etiology of ETAP is debatable, with three theories predominating: diaphragmatic ischemia and spasm (most popular), peritoneal ligament stress, and exertional peritonitis. The phrenic nerve is a common denominator in all of these theories, as each one involves tissue that is innervated by that nerve (4) . Each theory has its own pros and cons, and ETAP is probably a multifactorial condition for which we may never have a clearly identified cause.
The diagnosis of ETAP is made clinically, based on the patient's history and physical exam. As the name suggests, ETAP occurs while the patient is exercising and resolves with rest. ETAP, therefore, is excluded if the pain occurs at rest and is associated with other symptoms. The causes of abdominal pain generate a lengthy differential, but common conditions include muscle strains, renal colic, intestinal issues (to include infarct), and splenic issues (Table 1) . If the patient's history and physical examination are not conclusive, then a prudent evaluation with the appropriate labs and imaging studies should be conducted.
Although ETAP is a straightforward diagnosis, prevention and treatment strategies are less apparent. The absence of a clear understanding into the pathophysiology of ETAP contributes to the challenge. However, nearly 30% of athletes relate a specific food or drink to the development of ETAP. Offending foods may be those high in sugar, fatty foods, water, fruit, fruit juices, and dairy products (20) . Consensus opinion is that avoiding large meals, large amounts of fluids, and any athlete-specific triggers before exercise is the best way to prevent ETAP. There also is some thought, not validated with controlled studies, about ''belly breathing,'' which puts the diaphragm through its complete range of motion and minimizes the risk of cramping. ETAP often is treated with the use of positional changes like bending forward, stretching the affected side, deep breathing, and pushing on the affected side. In surveys of athletes with ETAP, bending forward and deep breathing are perceived as the most helpful maneuvers. Other recommendations include slowing the pace, breathing through pursed lips, and synchronizing the breathing pattern such that the foot contralateral to the painful side strikes the ground during exhalation. Overall, treatment is highly individualized to the patient (4, 20, 21) .
Rectus Abdominus Injuries
Rectus abdominus (RA) strain, tear, and hematoma, while separate entities, all represent pathology of the abdominal wall that can present with anterior abdominal wall pain. The rectus has tendonous origins on the pubis symphysis and lateral on the pubic crest. The muscle body is separated by several tendonous aponeuroses that conjoin to form the linea alba. The aponeuroses find their terminal insertion on the 5 th , 6 th , and 7 th costal cartilages, superiorly. Disruption of any part of the system may result in abdominal wall pain that is localized to the rectus region. These aspects of the RA contribute to its primary function, namely flexion of the spine and compression of the abdominal contents. Secondary function includes aiding respiration by downward traction on the lower ribs. Given this, the RA has a part in both dynamic and static body motions (18) .
With the previously mentioned anatomy in mind, a clear picture emerges of the mechanical forces that can damage the RA. During dynamic motion, the muscle body or insertions can tear if the dynamic load exceeds the tensile strength of the muscle, its aponeuroses, or insertions. This occurs in cases of forced flexion against resistance, such as that which occurs during the tennis serve or wrestling maneuvers. Similarly, strains or tears can occur in static events where the RA provides nonballistic core stabilization and is loaded excessively, for example, during a crosscheck in hockey or a block in football (18) .
As in every patient encounter, a broad differential diagnosis initially is formed and then tailored by the history and physical exam. Because RA injuries are not life threatening, the clinician must exclude more serious intraabdominal pathology before the diagnosis of RA injury is made. With RA injury, typically the athlete presents with abdominal wall pain and the history of ballistic movement that resulted in immediate abdominal pain. Infrequently, the athlete may not notice the pain until the event is over or the following day. However, the pain is reproduced with provocative maneuvers or certain sports-specific activity. On examination, the athlete's abdomen is tender to palpation, most commonly below the umbilicus. The most reliable finding is the reproduction of symptoms with flexion of the RA, also known as a positive Carnette's sign (23) . The examiner can isolate the RA by having the patient lift the head and shoulders from the supine position. This maneuver often reproduces the symptoms and is heightened by palpation of the affected area during flexion (18) . The differentiation of muscle body tear and tendonous component tear largely is academic, because the management is same. Imaging studies are not necessary but will aid the workup if intraabdominal pathology cannot be excluded by history and physical exam alone. While computer tomography (CT) imaging is most useful for excluding intraabdominal and abdominal wall pathology, ultrasound and magnetic resonance imaging (MRI) can be used reliably to evaluate abdominal wall anatomy. As discussed later in this article, diagnosis of a rectus hematoma is more reliably identified by the addition of imaging (18) .
Excellent rehabilitation programs exist in the medical literature for RA injury. These programs use a fivefold approach in returning the athlete to play, and they include:
1. Rest with pain and inflammation control 2. Isometric strengthening and stretching 3. Concentric strengthening 4. Eccentric-plyometric strengthening 5. Maintenance and injury prevention Recovery is varied but typically ranges from 3 to 8 wk (18) . Like the other RA injuries, a rectus sheath hematoma can present as abdominal pain below the umbilicus that is exacerbated by physical exam maneuvers. However, a few differences exist that distinguish these closely-related entities. First, the athlete may report more pronounced nausea than occurs in RA strain or tear. Second, the athlete often reports improved pain relief with passive flexion of the RA. Finally, on physical exam, a tender, palpable mass over the abdominal wall may be felt, with increased warmth variably present (12) .
Because rectus sheath hematomas frequently result from a direct blow to the abdominal wall, a thorough workup excludes intraabdominal pathology when the history of moderate to severe blunt trauma is present. Radiographic studies are most useful in these circumstances. A cross-table abdominal film may detect a rectus sheath hematoma, but CT often is necessary to detect abdominal wall pathology and exclude intraabdominal injury. If isolated to the abdominal wall by history and exam, ultrasound (in office or through radiologic consultation) and MRI both can be used to accurately assess hematomas. Treatment of small to moderate sized hematomas is very similar to that of RA strain or tear, given that most hematomas this size are self-tamponading and self-limited. Very rarely, large or extremely symptomatic hematomas require surgical intervention and should be referred to a qualified specialist (3, 12) .
Osteitis Pubis
Osteitis pubis (OP) is a painful condition characterized by an insidious onset of pain over the pubic symphysis that may radiate into the perineum and medial thigh. Like all of the conditions discussed in this article, sports-specific activities inflame the condition and form part of the history. Athletes involved in kicking, twisting, and sudden acceleration/ deceleration sports appear to have a higher incidence (2) . In a survey performed by Lloyd-Smith and colleagues, OP comprised 6.3% of the 222 overuse injuries detected (14) . Lovell, in his review of 189 cases, showed that OP comprised 14% of the diagnoses of chronic groin pain (Table 2 ) (16, 19) . OP is diagnosed clinically based on history and physical exam findings, namely, the presence of tenderness to palpation over the pubic symphysis. It is important to exclude other entities, such as cystitis and referred perineal pain in women, as other chronic conditions can cloud the clinical picture. The presence of fevers or chills and a history of recent surgery should raise suspicion for an infectious picture, such as osteomyelitis. This is an uncommon cause but requires a more detailed workup. Imaging plays a limited role in diagnosis, with plain films often showing pubic symphysis widening or sclerosis at the margins. As noted previously, pubic bone edema, as detected by MRI, is a nonspecific finding in asymptomatic athletes and cannot be considered a hallmark of OP (15) . Treatment for OP is multifaceted with rest, structured rehabilitation, and pharmacologic therapies added as needed. Corticosteroid injections into the pubic symphysis have demonstrated significant benefits with rapid recovery to a pain-free condition, which in turn facilitates progress in the rehabilitation program. The prognosis for a full recovery from OP is good and rarely requires surgical intervention (2).
Athletic Hernia
Groin pain is a common complaint in athletes across a wide spectrum of sports. Sports that are characterized by rapid acceleration and deceleration, kicking, and twisting and other rotational movements are plagued more frequently by groin pain. Hockey, American football, and soccer are sports characterized by these kinds of movements. This is not surprising because the pelvis is the center of gravity for the body and is the recipient of tremendous forces during athletic competition (17) . Acute onset groin pain frequently is associated with a known event or encounter that allows for accurate diagnosis and treatment. Chronic groin pain, however, is characterized by an insidious onset, with the athlete frequently playing through the pain until the severity prevents further activity. It frequently is aggravated by laughing, coughing, and other Valsalva-type maneuvers. Frequently, the athlete has tried numerous conservative modalities aimed at reducing pain and restoring functionality, such as rest, ice and heat, nonsteroidal antiinflammatory medications, and steroid injections. Plaguing the accurate diagnosis of chronic groin pain are the numerous structures present in the groin and the overlap of symptoms among various conditions (Fig. 2) . Part of this difficulty is caused by the considerable sensory nerve variation from patient to patient, the influence of the practitioner's specialty, and provider unfamiliarity of the discriminative maneuvers used in diagnosing chronic groin pain (6) .
The term athletic hernia (AH) describes chronic groin pain in athletes that is unresponsive to conservative measures, does not have a palpable defect (hernia) on examination, and is relieved most often by surgical intervention. It often is referred to as the ''hernia without herniation'' and stirs up considerable debate among proponents and opponents (19) . Others prefer the term athletic pubalgia because there is no actual hernia found in these athletes (17) . Multiple defects are found during surgical exploration, including posterior wall and inguinal canal defects, nerve entrapment, disruption of the conjoint tendon, tears of the external oblique aponeuroses, and other abdominal wall defects. The general consensus is that AH is a constellation of anatomical defects in the posterior abdominal wall with ''an incipient direct inguinal hernia'' (24) . Several aspects of the literature on AH prevent a complete understanding of its etiology, pathology, diagnosis, and proper treatment. An extensive review by Caudill and colleagues identified the following (1): -Absence of physical exam findings reported in studies -Timing of injury onset not reported in studies -Conservative measures used before surgical intervention poorly defined -Small numbers of patients in case reports -Incomplete descriptions of operative findings -Operative approaches not fully described -Repairs not adequately described (e.g., mesh vs suture, adductor release, nerve ablation) -Lack of objective postoperative outcomes -Limited number of postsurgical rehabilitation programs Given the above findings, defining the diagnostic criteria for AH has been difficult, but several authors have put forth criteria to guide the clinician. Nearly all authors consider AH as a diagnosis of exclusion. It must be present for a minimum of 6Y8 wk, and it must fail to respond to conservative measures. Additionally, the patient must be pain-free at rest, with pain returning upon resumption of activity (1, 11, 19, 24) . Patients generally report a deep, diffuse pain made worse with activity and radiating to the medial thigh, perineum, and occasionally the testicles. It is interesting to note that the side that the athlete complains of frequently does not correspond with the surgical findings. In a retrospective study by Genitsaris and colleagues, all of the patients had posterior wall defects, but more than 40% of the athletes who complained of unilateral pain had anatomical defects on the contralateral side (9) . Physical exam findings include external/superficial inguinal ring tenderness to palpation, mildly dilated external/ superficial inguinal ring, pubic tubercle tenderness at the site of adductor longus insertion, and pain with adduction or resisted sit-ups. Again, a palpable hernia excludes the diagnosis of AH. A thorough examination should be performed of the sacroiliac joint. In female patients, a pelvic exam may be required to rule out gynecologic causes of groin pain. In general, a multidisciplinary approach should be used in the patient with chronic groin pain. A prospective study by Ekberg and colleagues demonstrates this point (5) . In this study, a general surgeon, urologist, and orthopedic surgeon evaluated 21 male athletes with chronic groin pain. They all had radiographic studies conducted to include herniography, Figure 2 . The pubic clock, with appropriate designations (6) .
by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited. Copyright @ 2010 plain films, and nuclear medicine isotope to evaluate the pelvic bones and the pubic symphysis. Of the participants, 90% had more than one diagnosis, and the top three diagnoses were OP, inguinal hernia, and prostatitis (48%).
Imaging plays only a minor part in the diagnosis and evaluation of patients with AH. Its primary role is one of excluding various conditions from the differential diagnosis. MRI is considered a valuable adjunct when ruling out tears, sprains, labral tears, and true hernias, whereas assessment of the bony structures can be accomplished with standard radiographs or CT scan. One area that shows promise is dynamic ultrasound, during which the athlete performs various provocative maneuvers in an attempt to exaggerate physical exam findings. Visualized defects include dilation of the inguinal canal and posterior inguinal wall deficiencies. Dynamic ultrasound is highly operator-dependent and has yet to be incorporated into the standard imaging workup (1) . An additional factor limiting the role of imaging is that certain radiologic findings (e.g., pubic bone edema) are present in asymptomatic athletes (15) .
Treatment for AH primarily is surgical, although during the initial workup, more traditional, nonoperative measures are used. Modern nonoperative therapies emphasize strengthening of the core muscle groups, improving flexibility, and correcting muscular imbalances Y all practices that improve overall hip stability (1). In general, the techniques used include isometric and progressive resistance exercises and stretching, along with traditional modalities such as heat, ice, and nonsteroidal antiinflammatory medications. If there is not progressive improvement with pain-free RTP, a surgical approach should be sought. Both open and laparoscopic approaches have their benefits, with a shorter RTP time reported with laparoscopic surgery. The advantage of the open approach is that it allows the entire abdominal wall to be explored. An extensive review of the surgical literature is beyond the scope of this article, but excellent review articles address this subject thoroughly (1, 10, 24) .
Ventral, Inguinal, and Spigelian Hernias
Abdominal hernias are simply defects in one or more layers of the abdominal wall. They generally are classified according to their location. Given the prevalence of rigorous training regimens and trauma to the abdomen and groin, one may conclude that athletes are at increased risk for the development of abdominal hernias. However, the literature does not generally support this view (22) . Instead, congenital abdominal wall weaknesses and increasing age are the major risk factors.
Incisional hernias are a type of ventral hernia formed as the result of previous surgery. Anything that interferes with tissue healing Y smoking, infection, poor surgical technique, and patient noncompliance to activity restrictions Y increases the risk of occurrence. Incisional hernias usually arise within weeks to months after the initial surgery, but they can occur up to years later. A general surgeon using a tension-free mesh repair with either an open or laparoscopic approach treats these operatively. The laparoscopic approach has the benefit of reduced recovery time and less postoperative pain (8) .
Inguinal hernias, the most common hernia, are divided into indirect and direct types. Indirect hernias extend through the internal inguinal ring with abdominal contents tracking alongside the spermatic cord in the inguinal canal. Direct hernias proceed through Hasselbach's triangle, which consists of the RA medially, the inferior epigastric artery laterally, and the inguinal ligament inferiorly. Of all the hernias, direct hernias have the closest association of an increased risk with activities that increase intraabdominal pressure. Until recently, all inguinal hernias were closed soon after diagnosis to prevent the increasing size of the herniation or the development of complications like bowel incarceration. A large trial conducted by Fitzgibbons et al. showed a very low incidence of complication with watchful waiting, provided the patient has good access to a primary care physician (7) .
The Spigelian hernia is the least common hernia. It is a ventral hernia that occurs along the semilunar line and posterior to the external oblique aponeurosis. Because of its rarity, it often is difficult to diagnose, but it can be readily detected on ultrasound or CT scan. Spigelian hernias are closed promptly by surgery because of their frequent presentation with bowel incarceration. The approach is similar to that of other ventral hernias, usually with excellent outcomes and low risk of recurrence (13) .
RETURN TO PLAY AFTER ABDOMINAL SURGERY
In contrast to the well-established rehabilitation and recovery protocols used in orthopedic surgeries, there is little consensus regarding RTP guidelines after abdominal surgery. One clear trend is the decreased recovery time for laparoscopic surgery compared with open surgery. This has become the standard of care in common surgeries such as appendectomy and cholecystectomy. Most general surgeons allow athletes to RTP as soon as they are pain-free and will recommend a gradual increase in the level of intensity. This usually occurs in a matter of days with the laparoscopic approach compared with weeks after an open procedure. A general RTP guideline after abdominal surgery is that reconstructive or repair-type surgeries, e.g., herniorraphy, typically have a prolonged downtime as the tissues need time for healing before being stressed again. Additionally, the more tissue disruption involved in the surgery, the more prone the athlete is to postsurgical complications. Finally, decisions regarding RTP should be made using a team approach Y the general surgeon, primary care physician, and trainer each have information and expertise necessary for making fully informed decisions (22) .
CONCLUSION
Abdominal wall injuries and groin pain constitute challenging conditions for both the athlete and the clinician laboring to achieve an accurate diagnosis. Although the clinician has more diagnostic tools at his or her exposure than ever before, history and physical exam remain the cornerstone of an accurate assessment. A working knowledge of the underlying anatomy is critical, and excluding more serious intraabdominal pathology is a priority before moving on to other diagnoses. As conservative rehabilitation programs become more standardized, these can be individually tailored to correct the deficits discovered through history and physical exam. The athlete should be prepared mentally for the time and effort required to address long-standing mechanical deficits. In the case of surgical interventions, postsurgical rehabilitation is less defined and would benefit from more standardized regimens with appropriate interval assessment.
